In response to the increasing use of a range of technologies within pharmacy education, this review aimed to establish the effectiveness and acceptance of e-learning within pharmacy education and to identify limitations within the research carried out since 2013. The e-learning interventions studied were defined as any online or computer-based technology* used to deliver pharmacy education to pharmacy students or qualified pharmacists in a remote (out of classroom) setting. Evidence of short-term effectiveness of e-learning was found and a small number of studies provided evidence of long-term effectiveness. In comparisons, e-learning was demonstrated to be at least as effective as traditional face-to-face teaching methods and superior to no training at all. Six studies also demonstrated that e-learning could result in a change of pharmacists' practice, while no evidence was found that e-learning could lead to patient benefit or improvements in care. E-learning also appears to be an engaging learning method, which is generally well received among participants. Despite a significant increase in the number of publications investigating e-learning within pharmacy education in the past five years, further research is still required to address limitations within the current literature and to fully establish the effectiveness of e-learning within pharmacy education.
Introduction
E-learning can be simply defined as learning which is facilitated by technology. This can be either synchronous or asynchronous, and includes both fully online learning and also blended learning, where e-learning is used in combination with traditional face-to-face teaching [1] . Educators appear to be drawn to the unique advantages afforded by e-learning [2, 3] and the development of new and effective technologies is driving its increased adoption within higher education. This is reflected by the large volume of e-learning literature in recent years [1, 4] . Within pharmacy education, e-learning has been integrated into undergraduate programmes, preregistration training and continuing education and it appears reasonable to assume that this trend will continue. With decreasing resources in pharmacy education, e-learning may be seen as an efficient method to deliver pharmacy undergraduate curricula to free up time for 'active' learning strategies. There are potentially numerous educational and individual benefits from e-learning -flexibility being high up on the list. For example, pharmacists can take part in e-learning at home or from their workplace, there is less time and cost involved as there is no need to travel and there is more choice as online events are not restricted by location. Submit Manuscript . 02 .
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There have been huge technological advancements in the past 5 years and marked changes predicted in how people will work in the future [5] . The growing trend towards more remote and more flexible working comes with a requirement for new knowledge and skills and more flexible and accessible methods of learning for the acquisition of these skills [5] . It is therefore timely to examine the literature relating to the effectiveness of e-learning in pharmacy education in the five-year period since the publication of the only other review into this area by Salter and colleagues [6] . This review concluded that further research was required to establish the long-term effectiveness of e-learning and whether e-learning could result in changes in pharmacists' practice or patient benefit. Therefore, establishing whether any progress had been made in these areas was of particular importance. In the review by Salter and colleagues [6] , e-learning interventions were evaluated according to an adaptation of Kirkpatrick's four levels of training evaluation model [7] , which may be applied to higher education for the purposes of assessing educational effectiveness [8] . The model appraises training programmes on the basis of four potential outcomes:
1. Reaction, which relates to participants' satisfaction and opinions. 2. Learning, which measures an actual or perceived change in attitudes, knowledge or skills of participants. 3 . Behaviour, which assesses the application of knowledge or skills gained from the programme. 4 . Results, which evaluates the extent to which the specific goals are achieved, as a result of the programme [8] .
It was our aim to review the literature published since the Salter review [6] and apply the same classification of effectiveness (the adapted Kirkpatrick's four level model) used by Salter and colleagues to subsequent studies around e-learning in pharmacy education.
Method
The purpose of this literature review was to provide a summary of, and identify gaps within, the literature around the effectiveness of e-learning in pharmacy education between 2013 and 2018. This time period was chosen, as a systematic review has previously examined the literature relating to the effectiveness of e-learning in pharmacy education before 2013 (search date of 4 th June 2013) [6] .
The definition of e-learning intervention and the search process, including databases used and search terms are detailed in table 1. Studies returned by this search were then reviewed to determine if they met pre-defined inclusion criteria.
Inclusion and Exclusion Criteria
Any study designed to evaluate the effectiveness of e-learning within the pharmacy profession was considered for inclusion in this review. Participants had to be pharmacy students, pharmacists or pre-registration pharmacists. Studies had to measure participants' perceptions of an e-learning intervention and/or the effect of an e-learning intervention on participants' knowledge, skills or confidence. Ideally studies would also have investigated the impact of the e-learning intervention on participants' practice and/or if the e-learning intervention resulted in patient benefit or an improved quality of care. Studies involving other health professionals/students, other pharmacy staff, faculty members or patients were not included, with the exception of one study where a control group of medical students received no training [9] . Studies using technologies that were based solely in a classroom (not remote) setting were excluded. Studies utilising technologies that are recreational in nature, such as computer games, were not included in the review. Studies which examined ways to improve e-learning, factors affecting the success of e-learning or opinions of e-learning in general (not a specific intervention), were not included. Studies which used technology that was not online or computer-based, such as high-fidelity simulations, were also not included. Studies that were unpublished or were not in English, were excluded from the review.
The full text of each included study was subjected to an in-depth review. During this review, key information was extracted from each study including the number of participants, topic, type of e-learning intervention, whether or not a control group was included, type of assessment of effectiveness and classification of effectiveness according to an adapted model of Kirkpatrick's four levels of training evaluation model. The limitations of the various studies were identified and summarised.
Results
The initial search process returned 2207 studies, which were then screened according to the inclusion and exclusion criteria and duplicate studies were excluded. The literature search flow diagram is shown in figure 1 . Fifty-six studies were subsequently deemed suitable for inclusion in the review. 
Intervention
Studies included a wide variety of topics covering many aspects of both undergraduate and postgraduate pharmacy education. The most common topics were ambulatory care, pharmaceutical calculations and pharmaceutical compounding.
A diverse range of technologies were used as the e-learning intervention, but the two most common were online virtual patient cases and online courses. This was assessed subjectively through pre-, mid-and post-course surveys or post-course qualitative interviews.
In all but one study [55] , participants reacted positively to the e-learning intervention. In this study, Khanova et al. [55] examined the delivery of a blended pharmacotherapy course to pharmacy students. Online learning modules were completed prior to face-to-face sessions, which were then used for discussions and active learning, rather than delivery of course material. Students expressed dissatisfaction with the self-directed nature of the course, feeling that it led to the role of lecturers being excessively diminished. The positive reaction in the remaining studies was primarily satisfaction with the effectiveness of the e-learning methods and quality of the learning experience provided. Studies also identified a number of advantages of e-learning, which include increased convenience [10,12,17,21, 28, 29, 38, 52, 56] , the ability to protect 'in class time' [20, 33, 35, 50, 55, 57, 63] , the empowerment of students to take responsibility for their own learning [17, 20, 33, 35, 50, 56, 57, 63] 61, 63] found the e-learning intervention to be effective in increasing the knowledge or skills of the participants. In 2 of the 3 studies that did not have a positive outcome, Weaver et al., [34] and DeMella et al., [62] examined the delivery of a blended health policy course and an online ethics course, respectively, to pharmacy students. In both studies students completed pre-and post-course assessments and there was not a statistically significant difference between pre-and postintervention performance. However, DeMella et al., [62] did find that students felt more confident managing ethical dilemmas following completion of the e-learning intervention.
In the third study that did not have a positive outcome, McCabe et al., [42] compared the face-to-face and online delivery of a self-care and non-prescription medications course to pharmacy students. Students completed pre-and postcourse knowledge tests. Students in the face-to-face cohort scored higher than those in the online cohort and there was no significant difference between the pre-and post-intervention scores of the online cohort.
Learning was also assessed subjectively, through pre-, mid-and post-intervention surveys in twenty-six ( compared an online synchronous lecture on drug diversion to the same lecture, delivered face-toface. Pharmacists in both groups reported significant learning, but those who attended the face-to-face lecture reported a higher degree of learning. Al-Dahir et al., [45] compared the effect of online virtual patient cases, completed individually, on pharmacy students' knowledge of atrial fibrillation against the effect of paper-based cases, completed as teams. Students who completed the paper-based cases outperformed those who completed the online virtual patient cases in a post-intervention assessment. One study also demonstrated that e-learning was superior to no training at all [9].
In six (10.7%) studies, [11,12,16,23,37,59] participants indicated their intention to change their practice in response to knowledge or skills gained from the e-learning intervention (Behaviour). In one study [14] , participants reported an actual change in their practice post-intervention. Behaviour was assessed subjectively, through mid-and post-intervention surveys.
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Limitations of the Studies
Of the fifty-six studies that were reviewed, all were limited by methodological flaws. Thirty (53.6%) studies [11, 12, [14] [15] [16] [17] 19, 20, 22, [27] [28] [29] [30] [31] [32] [33] [35] [36] [37] 43, 46, 47, 49, [52] [53] [54] 56, 58, 63, 64] did not establish the baseline knowledge, confidence or skills of participants and this is significant in two regards: It does not allow accurate comparison between groups, as differences in baseline knowledge may be responsible for differences in final knowledge; and it does not allow the impact of the intervention in increasing students' performance to be quantified. Three (5.4%) [25, 55, 57] of the nine studies that reviewed blended learning methods, failed to assess the effectiveness of the e-learning intervention independently of the face-to-face teaching. Twenty-six (46.4%) studies [11,12,14-19,23,25, 29, 30, 35, 37, [41] [42] [43] 45, 46, 50, 52, 56, 57, 59, 62, 64] measured the effectiveness of e-learning intervention on the basis of self-reported data. These findings are therefore vulnerable to response bias as well as recall bias, when participants were required to make a post-intervention assessment of their pre-intervention skills, knowledge or confidence [65, 66] . Several studies were limited by their small sample size [11, 16, 29, 30, 34, 36, 59, 61] and only four studies [9, 32, 43, 57] reported calculation of sufficient power to detect a statistically significant difference. Twelve studies (21.4%) had a poor response rate (less than 60%) [9,10,12,14,18,19,22,39,40,46 ,60,62] and four (7.1%) studies [26,29,37,53] did not report response rate. A potential explanation for poor survey response rates is that those participants who were not satisfied with the e-learning intervention were less likely to reply to the survey [67] . This seems plausible given that all but one study [55] , found that participants had a positive opinion of e-learning.
Fourteen (25%) studies [9-14,16, 38, 41, 44, 47, 49, 52, 54] involved elective courses and therefore, there was a risk of selection bias. Participants in these studies were a self-selected group and it is likely that they already had a positive opinion of e-learning and a high degree of interest in the course content. 30, 31, 35, 54] the control group consisted of participants who had not been randomly assigned but instead had completed the face-to-face equivalent of the intervention in a previous
year. A failure to blind researchers or participants, to include a control group and/or to randomise participants to the control group means that study outcomes cannot be attributed solely to the intervention, as other factors may have impacted on the results [68] . This is particularly significant for studies which relied on self-reported data to measure the effect of the intervention. The methodological flaws of studies were not always identified by researchers and threaten both the internal and external validity of their findings.
Strengths of the Studies
Despite the limitations of the studies, many have been properly designed so as to reduce the risk of bias and secure the validity and reliability of the results. there was a control group and a random allocation process. Therefore, it seems reasonable to consider the overall conclusions reached by the studies as legitimate.
Discussion
The current literature supports the short-term effectiveness of e-learning for pharmacy education and also suggests that the effect of the e-learning intervention could be maintained several months post-intervention. E-learning appears to be at least as effective as face-to-face learning and superior to no training at all. However, further research is required to fully establish the long-term effectiveness of e-learning within pharmacy education. 33, 35, 50, 55, 57, 63] . These unique advantages clearly establish a role for e-learning within pharmacy education, but it is the disadvantages of e-learning that help to define what this role may be. In the vast majority of studies, participants did not prefer e-learning over faceto-face methods, and concerns exist around the impact of reduced face-to-face interaction [10, 17, 21, 38, 39, 55, 56, 58, 62] and the diminished role of faculty member [17, 21, 55, 62] .
Therefore, it appears that the current role of e-learning within pharmacy education may be as part of a blended approach, so as to supplement, rather than replace face-to-face interactions.
E-learning was found to be a well-accepted and effective learning method in all but five [11, 34, 42, 45, 55] of the fifty-six studies reviewed. In these five studies, failure to be effective or well-accepted occurred regardless of topic or delivery method.
In three [34, 42, 45] of the five studies, methodological flaws may instead explain either the superior performance of the control [42, 45] or the failure of the intervention to result in a significant change in a measure of effectiveness [34] . These include flawed study design introducing differences between the control and intervention groups [45] ; a significantly higher baseline knowledge in the control group [42] , greater incentive for the control group to learn course content [42] ; loss to follow up in the control group of greater than 50% [42] ; and insufficient sample size [34] . In one of these studies [11], e-learning did result in a significant improvement in the skills and/or knowledge of the participants, but the e-learning intervention was outperformed by the control and thus, could not be considered to be effective. In the one other study [55] , participants felt that the role of e-learning was too great and led to the course becoming excessively self-directed.
There was some evidence that e-learning interventions could result in an intention to change practice (outcome level 3 of Kirkpatrick's model) and these studies deserve some further examination as possible predictors for success of e-learning. As would be expected, these studies involved mostly qualified pharmacists [11, 12, 14, 16] with only one study involving pharmacy interns [59] and two studies involving pharmacy undergraduates [23, 37] . These seven studies [11, 12, 14, 16, 23, 37, 59] involved several different delivery methods of the e-learning intervention and thus, no relationship could be established between delivery method and success. However, common to all of these studies was that the topic of e-learning was pharmacy practice. This most likely explains why these studies found evidence that e-learning interventions could result in an intention to change practice, as such topics are immediately applicable and more obviously relevant to the workplace. Only one study reported an actual change in practice rather than an intention to change practice [14] . In that study, pharmacists reported that completion of an online education program led to improved patient interactions, more effective inter-professional working and enhanced performance of pharmacy-specific tasks [14] . No studies attempted to objectively measure patient benefit or improvements in care.
In the five years since the only other previous review into the effectiveness of e-learning within pharmacy education [6], there has been continued adoption of e-learning within both undergraduate and postgraduate pharmacy education and a large increase in the volume of literature relating to this topic. However, the evidence base to further our understanding of the effectiveness of e-learning for pharmacy education is limited. There still exists insufficient evidence to establish the impact of e-learning on long-term learning and changes in the practice of pharmacists; and a complete lack of evidence required to determine if an e-learning intervention can lead to an increase in the knowledge or skills of pharmacists sufficiently, so as to result in patient benefit or improved quality of care. The same methodological weaknesses that were identified in the research prior to 2013 are still present in the more recent studies [6].
This review had several strengths. The search process was completed using four bibliographic databases resulting in a comprehensive literature review since 2013. Pre-defined inclusion and exclusion criteria were implemented in order to reduce the likelihood that bias from the researcher would affect the decision to include or exclude studies. Each e-learning intervention was evaluated according to Kirkpatrick's four levels of training evaluation model. This model allows for effectiveness of each intervention to be established objectively, on the basis of study outcomes.
This study had a number of limitations. Unlike the previous review by Salter and colleagues [6], this was not a systematic review and studies were not assessed for quality. A narrative overview is not subject to the same rigorous methodology as a systematic review. Despite the use of specific search terms and pre-defined inclusion criteria, the decision on whether to include or exclude individual studies may still have been affected by bias on the part of the researchers. Therefore, a relationship between an individual study's quality and its findings cannot be established, nor can the impact of this on the validity of the overall conclusions be determined. All studies that were reviewed had methodological flaws and the overall conclusions of this review will have to be considered in this light.
Conclusion
This review found e-learning to be both a well-accepted and effective teaching method (albeit in the short term), across a wide range of topics and technologies. For these reasons, it is likely that e-learning will continue to be integrated into all levels of pharmacy education. It appears that the role of e-learning within pharmacy education is in combination with face-to-face teaching, and that achieving the correct balance between these two pedagogical approaches is crucial to ensuring its successful use. The review exposed that within the current research, there is a need for high quality studies and that there are a number of directions for further research. In particular, there is a need for more studies to determine whether e-learning is effective in the long term and whether e-learning results in changes to practice and improvements in patient outcomes. Addressing these areas will provide a comprehensive understanding of the effectiveness of e-learning within pharmacy education. 
